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Abstract 
 
We assess the increase in particle number emissions from motor vehicles driving at 
steady speed when forced to stop and accelerate from rest. Considering the example 
of a signalized pedestrian crossing on a two-way single-lane urban road, we use a 
complex line source method to calculate the total emissions produced by a specific 
number and mix of light petrol cars and diesel passenger buses and show that the total 
emissions during a red light is significantly higher than during the time when the light 
remains green. Replacing two cars with one bus increased the emissions by over an 
order of magnitude. Considering these large differences, we conclude that the 
importance attached to particle number emissions in traffic management policies be 
reassessed in the future. 
 
Keywords:  Particle number emission, vehicle emissions, traffic flow, traffic 
congestion, pedestrian crossing. 
 
1. Introduction 
 
The effect of air particle pollution on mortality and morbidity has been well-
documented. Epidemiological studies have shown a positive link between PM10 levels 
in the environment and deaths from respiratory and cardiovascular diseases (Pope et 
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al, 2002). Particles in the ultrafine size range (<100 nm) are able to penetrate deeper 
into the human lungs and pulmonary deposition of these particles have been linked to 
several adverse effects (Oberdorster et al, 2005). In urban environments, the majority 
of ultrafine particles originate from motor vehicle emissions (Shi et al, 2001). 
Dynamometer and road studies have shown that the emission factors of ultrafine 
particles increase with vehicle speed and engine load and can vary by several orders 
of magnitude across the range of driving conditions from idle to hard acceleration 
(Kean et al, 2003). Therefore, situations on the road that force vehicles to stop and 
then start from rest and accelerate, such as that which occur at signalized intersections 
and pedestrian crossings, are potential localized sources of higher particle number 
emissions that may lead to increased exposure. Transport and traffic engineering 
research is usually focused on measuring or estimating average vehicle emissions, 
with the aim of reducing total emissions. This approach does not take into account the 
localized exposure effects associated with the large number of idling or accelerating 
vehicles at signalized intersections and pedestrian crossings. Traffic management 
policies, such as the optimisation of signal timings and road alignment changes, are 
parameters that are not specifically designed with a consideration of traffic emissions 
and exposure levels. One reason for this deficiency is that the precise nature of how 
these different parameters affect vehicle emissions is neither well understood nor 
quantified. Emission levels from cruising vehicles are different when the traffic flow 
is interrupted such that they are forced to stop and accelerate.  
 
In order to assess the change in particle number emissions between cruising and stop-
start conditions, we use a line source method and consider the example of a 
hypothetical signalized pedestrian crossing. The line source method has been used to 
model vehicular gaseous emissions in linear transportation corridors under variable 
meteorological conditions, time-variant traffic operations and complex roadbed 
geometries (Esplin, 1995; Nagendra and Khare, 2002). However, most of these 
studies have been made on homogeneous traffic conditions and the line source 
method has not been used to calculate total emission rates from vehicles undergoing 
the wide range of engine operating conditions experienced at locations such as a 
signalized traffic light. The same is true for traffic simulation models that, although 
able to predict in detail the trajectories of each vehicle, have never been used under 
any situation to calculate particle number emissions.  
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2. Methodology 
 
2.1 Basic Technique 
As an example of a road situation where a steady flow of traffic is forced to stop and 
start, we consider a hypothetical signalized pedestrian crossing on a straight, level 
road with one lane of traffic in either direction. We use a line source model to study 
the particle number emissions generated from vehicles approaching the crossing at 
regular intervals in time, stopping, starting and moving away. The model takes into 
account the traffic queue and stopping locations and times, and uses the relevant 
particle number emission rates associated with each type of driving to calculate the 
total particle number contribution to the air shed. A comparison is then made with the 
corresponding value when the same traffic density passes the crossing at constant 
speed without stopping. 
 
2.2 Traffic Pattern 
In the first part of the study, we consider a traffic flow rate of 12 cars per minute in 
each direction travelling at equal spacing at a steady speed of 17 m s-1 (60 km h-1). We 
assume that the light turns red for a time interval of 40 s each time. These figures are 
broadly based on real world observations of several signalized pedestrian crossing on 
single-lane urban roads. We limit our emission rate calculation to a distance of 60 m 
along the road on either side of the crossing. In order to predict the driving conditions 
of the cars at the crossing, we extend this distance to 100 m in each direction, and 
assume that the cars travel undisturbed at a constant speed of 60 km h-1 outside this 
zone at all times. When the light turns red, each car that enters this zone will travel 
some distance at this steady cruising speed before starting to decelerate and then stop. 
We assume that all cars have a decelerating distance of 40 m and that the first car will 
stop at the crossing, with each subsequent car a distance of 5 m behind each other. 
When the light turns back to green, the first car will start off 1 s later, followed by 
each car a second later. We assume that every car will accelerate over a distance of 60 
m before they reach their cruising speed of 60 km h-1. We divide this acceleration into 
two segments as follows: soon after starting from rest, each car undergoes a hard-
acceleration over the first 10 m, followed by a soft-acceleration over the next 50 m. 
These conditions were assigned arbitrarily as being reasonable values for the model. 
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During the time when the light is red (40 s), 8 cars will arrive from each direction and 
stop behind each other. It should be noted that, since all the cars cannot start off at the 
same time, by the time the 8th car sets off, a few more cars would have arrived and 
stopped behind it. A further number of cars will then arrive and not stop, but be forced 
to slow down and accelerate again. We have accounted for all these cars and it is 
observed that 14 cars in each direction are forced to stop or slow down each time the 
light turns red and that the entire ‘disturbed’ time is 76 s. We use the line source 
method to calculate the total emissions from these 14 cars and compare it to the total 
emissions during 76 s when all cars travel at a steady speed of 60 km h-1, in order to 
assess the enhanced contribution of particle number emissions into the environment 
within the 60 m range of the pedestrian crossing. 
 
In the second part of the study, we repeat the analysis by replacing two of the 12 cars 
with one diesel passenger bus. For this bus, we assigned deceleration, hard 
acceleration and soft-acceleration distances of 40, 20 and 100 m respectively. 
 
2.3 Emission rates 
The particle number emission rates used in this study have been obtained from our 
earlier work on petrol cars (Ristovski et al, 2005) and diesel passenger buses 
(Ristovski et al, 2006; Jayaratne et al, 2009a, 2009b). The details of the driving 
segments considered and the respective particle number emission rates assigned to 
each of those segments are shown in Table 1. 
 
The emission rates for segments C, D and I were derived from dynamometer studies 
conducted at steady engine powers (Ristovski et al, 2005, 2006; Jayaratne et al, 
2009a). C corresponded to a vehicle speed of 60 km h-1. The values when the vehicles 
were idling were used for both D and I. The values for SA and HA were derived from 
the accelerating segments of an urban driving cycle employed in studies of emissions 
during transient conditions (Jayaratne et al, 2009b). While the emission rates during 
SA were comparable to the values at full steady engine power, the values during HA 
were up to an order of magnitude greater. 
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3. Results 
 
3.1 Emissions from a single car 
Using the speed and distance information in Table 1, we calculated the time spent by 
a single car in each drive segment on the road within a range of 60m of the crossing. 
It was assumed that this car stopped at the crossing as the light turned red. 
Multiplying the times by the corresponding emission rates gave the total particle 
number emitted by the car in each segment. These ranged from about 1010 in the 
cruise segments to about 1012 in the HA segment. The total number of particles 
emitted by this car within a range of 60m of the crossing was 2.0x 1012. An important 
observation is that the majority of these particles were emitted during the two 
acceleration segments. Over 50% of the total emissions came from the HA segment 
while the two acceleration segments, HA and SA, together accounted for at least 93% 
of the emissions. The total number of particles emitted by this car within a range of 
60m of the crossing when it travelled at steady speed without stopping was 1.5 x 1011. 
Thus, for this single car, the particle number contribution to the environment was 
approximately 13 times higher when it was forced to stop at the crossing over when it 
was allowed to pass through at its normal cruising speed without stopping. 
 
Next, we divided the 120m of road into 10m sections and calculated the total 
emissions that were released within each of these sections and the result is shown in 
Fig 1(a). Also shown in this figure are the total emissions at each section when the car 
cruised past without stopping. The highest emissions occurred near the crossing where 
the car stopped, shown by the vertical broken line. This value was approximately 80 
times higher than that at the same location when the car cruised past without stopping. 
It was assumed that the tailpipe of the idling car was at -5m. Elevated emission values 
were present at and after the crossing due to acceleration. It is interesting to note that, 
in the deceleration segment, in the region before the crossing, the total emissions were 
below the values present when the car did not have to stop. 
 
3.2 Emissions from a line of cars 
We repeated this calculation for a line of cars in one direction that were forced to stop 
or slow down at a red light, taking into consideration their different stopping positions 
and times. Using Table 1, we calculated the emissions from each of the 14 cars within 
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each 10 m section during the disturbed period of 76 s and the corresponding values 
when they cruised past without stopping (Fig 1b). The emissions near the crossing 
increased by a factor of over 20 every time the light turned red. The total emissions 
within the distance of ± 60 m was 2.38 x 1013 during each disturbed period and 2.07 x 
1011 during an undisturbed period of the same time length – an increase of 11. Fig 
1(c) shows the same graph plotted by considering both directions of traffic, that is 14 
cars in each direction. Again, the total emissions increased by the same factor of 11 
each time the light turned red. 
 
3.3 Emissions from a single bus 
We now look at the particle number pollution effect of one passenger bus at the 
crossing. As in Fig 1(a) for a single car, in Fig 2(a) we present the total particle 
number generated at each 10 m section of the road by a single bus that stopped at the 
crossing for 40 s and one that cruised past without stopping. The tailpipe of the idling 
bus was assumed to be at -10m. The highest emissions occurred just before the 
crossing where the bus stopped and was a factor of 340 higher than when the bus did 
not have to stop (Fig 2a). Total emissions within the distance of ± 60 m was 6.29 x 
1014 during each disturbed period and 1.41 x 1013 during an undisturbed period of the 
same time length – an increase of a factor of 45. Elevated emission values were 
present at the crossing due to the hard acceleration and continued on at relatively high 
values beyond the crossing due to the longer acceleration distances of the buses over 
the cars. Again, we note that, in the deceleration segment, in the region before the 
crossing, the total emissions were below the values present when the vehicle did not 
have to stop. 
 
3.4 Emissions from a line of mixed of cars and buses 
Finally, we combine the results for the cars and the buses and consider a realistic 
vehicle mix in a typical urban road situation. First, we replace two of the 14 cars 
travelling in each direction with one bus and investigate what difference this makes to 
the particle number emissions along the road at the crossing. Next, we replace four of 
the cars in each direction with two buses. The results are shown in Fig 2(b). In this 
instance, we assume that the buses stop at the crossing ahead of the cars. Calculations 
based on other stop locations are possible, but for the purposes of this paper, we limit 
the modelling to this simplest case to estimate the corresponding changes at the 
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crossing. The addition of one bus to the line of cars travelling in each direction near 
the crossing increased the total particle number emitted to the environment from 
4.76x1013 to 1.30x1015 during the disturbed period – a factor of 27. 
 
4. Discussion and Conclusions 
 
Table 2 presents the total number of particles emitted into the environment within the 
entire length of the 120m of road closest to the pedestrian crossing, during the time 
interval of 76 s when the traffic flow is disrupted by the light turning red, together 
with the corresponding number during the identical time interval when the light 
remained green for three fleet mixes. All figures are for two-way traffic flow with an 
equal number of vehicles travelling in each direction. The last two columns show the 
factors by which the total emissions along the 120 m of road and the maximum 
emissions near the crossing increased. 
 
With cars alone, the total number of particles emitted increased by just over an order 
of magnitude when the light turned from green to red. The difference increased when 
the proportion of buses increased, being just over 40 times greater when 1 or 2 buses 
were introduced in each direction. The corresponding increases in emissions near the 
crossing from undisturbed to disturbed periods were over two orders of magnitude. 
 
We have shown that particle number emissions generated from vehicles at a 
signalized pedestrian crossing increase significantly when the light turns red. 
Increases ranged from factors of about 11 for light cars only to about 45 for buses. 
Emissions generated near the crossing increased by factors of about 80 for a single car 
and 340 for a bus. Assuming that the red light is activated every 5 min, the average 
emissions generated along the same stretch of road with 12 cars min-1 in each 
direction due to the presence of the pedestrian crossing increased by a factor of 4. 
When two cars in each direction were replaced with one bus, the corresponding 
increase was a factor of 11. 
 
These findings can be extended to other situations where the steady flow of motor 
vehicle traffic is interrupted such as at traffic intersections and roundabouts and at 
locations where traffic congestion is prevalent. Urban traffic control optimisation 
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models have the ability to minimise a combined function of travel time and number of 
stops. Given the adverse health effects attributed to the exposure to ultrafine particles 
and the very strong influence of the number of stops that a vehicle is forced to make 
at traffic intersections and pedestrian crossings, we conclude that the importance 
attached to particle number emissions in traffic management will need to be 
reassessed in the future. 
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Figure Captions 
 
 
Fig 1: Total particle number generated within each 10 m section of the road by (a) a 
single car (b) 14 cars in one direction and (c) 14 cars in each direction.  
 
Fig 2: Total particle number generated within each 10 m section of the road by (a) a 
single bus and (b) a mixed number of cars and buses travelling in both directions. 
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Tables 
 
 
 Particle Number (s-1)
Drive Segment Cars Buses 
Cruise (C) 2.1E+10 2.0E+12
Deceleration (D) 2.7E+09 1.0E+11
Idle (I) 2.7E+09 1.0E+11 
Hard Acceleration (HA) 4.1E+11 1.0E+14
Soft Acceleration (SA) 1.6E+11 1.0E+13
 
Table 1: Particle number emission rates assigned to each drive segment. 
 
 
Traffic 
Total particle number emitted Total Increase 
Factor 
Max Increase 
Factor Green Light Red Light 
28 cars 
 
4.15E+12 4.76E+13 11.5 16 
24 cars  
+ 2 buses 
3.18E+13 1.30E+15 40.9 219 
20 cars  
+ 4 buses 
5.99E+13 2.57E+15 42.9 152 
  
Table 2: Summary of the total number of particles emitted within the 120 m of road. 
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